Abstract-There is increasing evidence to believe that Asian Indians are at an increased risk of coronary heart disease (CHD), which cannot be attributed to the common risk factors. Individuals with small, dense LDL phenotype are also known to be at increased risk of CHD. Our objective was to examine whether the prevalence of smaller and denser LDL particles is increased in Asian Indians. Thirty-nine Asian Indians (22 men and 17 women), aged 25 to 45 years, were matched with 39 whites for age and gender. Cholesterol profiles of lipoprotein classes and LDL subclasses were measured using the Vertical Auto Profile-II (VAP-II) and LDL-VAP-II methods, respectively. Six LDL subclasses (LDL1 to LDL6) have been identified using the LDL-VAP-II, with LDL1 and LDL6, respectively, being the most and least buoyant subclasses. The prevalence of small, dense LDL type (subjects with major LDL subclass 5 or 6) was significantly higher in Asian Indians compared with white subjects (44% versus 21%; PϽ0.05). The relative position of the major LDL density peak (LDL-Rf) on 0 to 1 scale in LDL-VAP-II density gradient was also significantly decreased in Asian Indians (0. 
S
everal epidemiological studies have shown that Asian Indians living outside India have an increased risk of coronary heart disease (CHD). [1] [2] [3] [4] [5] CHD in this ethnic group is several-fold greater than many other ethnic groups known to have an increased prevalence of CHD. 6 Although mortality due to CHD in many western countries generally declined in the last 2 decades, it has increased in immigrant Asians. Increased CHD incidence in immigrant Asian Indians in several countries such as UK, 7 Malaysia, 8 Trinidad, 9 South Africa, 10 and the United States 11 have been reported.
The prevalence of classical risk factors such as total cholesterol (TC), LDL cholesterol (LDL-C), hypertension, and smoking are no more than in the western population. 1 It appears, therefore, that the elevated CHD in Asian Indians may require an explanation by the uncommon risk factors. In this regard, we have recently reported increased platelet activation in Asian Indians, which might be a potential CHD risk factor. 12 Some studies have also suggested that the increased CHD risk in Asian Indians may be due to a genetic predisposition and only accentuated by the westernized lifestyle. 13 Thus, as a result of several studies, it is now believed that elevated lipoprotein(a) [Lp(a)], combined with a relatively elevated LDL caused by the western lifestyle in immigrants, is the primary cause of accelerated CHD in this population. 6 Lp(a), whose plasma concentration is genetically determined, has proven to be a strong risk factor. 14 Enas has proposed that the "lipid tetrad" consisting of Lp(a) concentration in the presence of high LDL cholesterol [augmenting pathological effects of Lp(a)], high triglycerides (TG), and low HDL cholesterol (HDL-C) best explains this increased propensity in Asian Indians. 15 However, insulin resistance accompanied by a compensatory hyperinsulinemia as ascertained by increased fasting insulin and impaired glucose tolerance has been a more common finding in Asian Indians. 1 Subjects with insulin resistance are characterized by an interrelated cluster of metabolic abnormalities that include higher fasting plasma TG, lower HDL-C, an enhanced degree of postprandial lipemia, increased levels of plasminogen activator inhibitor-1, hyperuricemia, and hypertension, all of which increase the risk of CHD. 16 Recent findings also suggest that subjects with the predominance of small, dense LDL have higher TG and lower HDL-C and HDL2-C concentrations, similar to the levels seen in subjects with insulin resistance and or hyperinsulinemia. 17 Therefore, it appears that there is a close association of small, dense LDL with the insulin resistance. There is now an increasing evidence that suggests that small, dense LDL is a strong risk factor for CHD. 18 Subjects with this phenotype are indeed at up to a 3-fold increased risk of myocardial infarction. 19 Although this risk is usually attributed to the close association of small, dense LDL with low HDL-C and high TG, evidence is emerging regarding an independent role for small, dense LDL in atherosclerosis. 20 -25 In the current report, we present evidence for increased prevalence of these potentially atherogenic LDL particles in Asian Indians.
Methods Subjects
Thirty-nine Asian Indians, aged 25 to 45 years, and 39 whites residing in Birmingham, AL, matched for age (Ϯ3 years) and gender, were recruited by local advertisements and word of mouth. Each group consisted of 22 men and 17 women. Subjects were asked whether they are diabetic and those who reported diabetes were excluded from the study. All subjects were currently nonsmokers and were not taking lipid-or glucose-lowering or antihypertensive medications. However, 4 subjects were taking hormones or drugs, 3 white women were taking birth-control pills (1 woman with estrogen only and the other 2 with estrogen/progesterone combinations), and one Asian Indian woman was taking thyroid replacement medication. Data analysis performed by excluding these 4 subjects yielded similar results as compared with the analysis performed by including them, and hence, results obtained from all subjects are reported here. Of the 39 Asian Indians, 15 were completely vegetarians, whereas others consumed variable numbers of vegetarian-only meals in a week. All Asian Indians except one were first generation Asian Indians with an average stay of 9.6Ϯ6.3 years in the United States. Exclusion of the second generation Asian Indian from the data analysis did not change the results significantly, and hence, the data from this subject were also included for the final analysis. Informed consent was obtained from all subjects, and the study was approved by the Institutional Review Board of the University of Alabama at Birmingham.
Measurements
Subjects were tested after an overnight fast of at least 10 hours. After height, weight, and blood pressure (systolic blood pressure [SBP] and diastolic blood pressure [DBP] ) were recorded, a venous blood sample was drawn into an ethylenediamine tetraacetic acid-containing (1 mg/mL) tube for the measurement of lipoproteins, LDL subclasses, and other risk factors, including fasting insulin and TG.
Lipoproteins
A complete lipoprotein cholesterol profile, which included the plasma total cholesterol, HDL-C, HDL2-C, HDL3-C, Lp(a)-C, LDL-R-C [LDL-real cholesterol, the LDL cholesterol without the IDL-C and Lp(a)-cholesterol], IDL-C, and VLDL-C for each subject, was determined using the Vertical Auto Profile-II (VAP-II) methodology, developed in our laboratory. 26, 27 VAP-II is a single test direct measurement method, with no estimations involved. It is based on a combination of a rapid (45 minutes) single vertical spin ultracentrifugation and a novel continuous flow enzymatic cholesterol analyzer. 26 VAP-II is highly sensitive (requiring only Յ40 L of plasma) and reproducible. 26 Furthermore, it separates the commonly measured LDL-National Cholesterol Education Program [LDL(NCEP)] into LDL-R, Lp(a), and IDL. Thus both the LDL-C (as commonly reported by the clinical laboratories) and its individual components (LDL-R-C, Lp(a)-C, and IDL-C) are measured by the VAP-II method, making it amenable to compare with other commonly used LDL-C measurement methods.
LDL Subclass Measurement
Analysis of LDL subclass cholesterol profile was performed using the LDL-VAP-II method. 27 LDL-VAP-II is a modification of VAP-II procedure designed to separate LDL subclasses. Six LDL subclasses (LDL1 to LDL6) have been previously identified using this method. The LDL-VAP-II computer deconvolution software developed in our laboratory also provides cholesterol concentrations of the 6 subclasses, while assigning the LDL subclass with the highest cholesterol concentration as the major LDL subclass. We have previously compared LDL subclass classification by the LDL-VAP-II procedure with the classification by 2% to 16% nondenaturing polyacrylamide gradient gel electrophoresis. 27 A continuous variable called LDL-Rf, which is a measure of the relative position of the major LDL peak (and hence its density) on a relative scale of 0 to 1 (with 0 and 1, respectively, corresponding to the origin of HDL peak and the VLDL peak maximum in a LDL-VAP-II density gradient), was also calculated. In a study using 32 plasma samples, we found a correlation coefficient of 0.86 between LDL-Rf obtained by the LDL-VAP-II method and the major LDL peak particle diameter obtained by nondenaturing 2% to 16% polyacrylamide gradient gel electrophoresis. 28 LDL-VAP-II is also highly sensitive requiring only 70 L of plasma sample. Furthermore, it is also highly reproducible, with within-rotor coefficient of variation of cholesterol concentration of major LDL subclass ranging from 1.9% to 8.3% and between-rotor coefficient of variation of 5.2%. 27 Other Measurements TG were measured using enzymatic assay, and fasting insulin was measured using immunoassay.
Statistical Analysis
All statistical calculations were performed using Jandel Scientific SigmaStat statistical software 2.0. Mean values of all variables are reported as mean (standard deviation). Z-test was used to test the significance of differences in prevalence of small, dense LDL type between groups. Because many variables used in this study are known to be non-normally distributed, normality test (KolmogorovSmirnov) was performed on all variable values. The data set that did not meet the normal distribution criteria (PϽ0.05) was transformed either to log 10 or reciprocal values to achieve normality. Two-way ANOVA with ethnicity and gender as influencing factors was used to compare mean values of lipoproteins and other risk factors in subjects grouped by ethnicity and gender. As suggested by the software, Tukey's all pairwise multiple comparison test was used to determine the groups that are different. Spearman's rank order correlation method was used to assess the strengths of association between dependent and independent variables. Both multiple linear regression analysis and forward stepwise linear regression analysis methods were used to predict the variables that independently and significantly contributed to a dependent variable under consideration. Results with PϽ0.05 were considered statistically significant.
Results

Lipoproteins and Other Risk Factors in Asian Indians
Mean values of cholesterol concentrations of plasma, HDL, Lp(a), and LDL(NCEP) and of some other risk factors in this group of Asian Indian and white subjects have been reported by us previously. 12 As both ethnicity and gender may affect levels of lipoproteins and their subclasses, as well as several other risk factors, we compared the mean values of these risk factors obtained by classifying all subjects into 4 groups based on ethnicity and gender (ie, Asian Indian men, Asian Indian women, white men, and white women). Two-way ANOVA, with ethnicity and gender as 2 influencing factors, was used for this purpose. In addition, the interaction term between ethnicity and gender was also assessed for all variables. The summary of the results is shown in Table 1 . Both ethnicity and gender independently and significantly influenced HDL-C, HDL2-C, HDL3-C, and SBP. However, there was no significant interaction between them. Asian Indians, both men and women, had significantly lower mean values of these variables than the corresponding values for white subjects. Only ethnicity significantly influenced VLDL-C and TG, with higher values in Asian Indians. LDL-Rf was strongly influenced by ethnicity, with lower values (ie, higher density of LDL) in Asian Indians, whereas gender, although statistically insignificant (Pϭ0.056), moderately influenced LDL-Rf, with females having higher LDLRf. TC, Lp(a)-C, LDL-R-C, IDL-C, LDL(NCEP)-C, fasting insulin, age, DBP, and BMI were not influenced by either ethnicity or gender. The interaction terms between ethnicity and gender were not statistically significant for any of the variables. Thus the effects of both ethnicity and gender were independent on lipoproteins and other risk factors in our study group with no significant interaction.
Prevalence of Small, Dense LDL
Each subject was classified into 1 of 6 groups based on his/her major LDL subclass (LDL subclass 1 through 6) as determined from the LDL-VAP-II. Significantly higher number of Asian Indians had either LDL subclass 5 or 6 as the major subclass, which represent the small, dense LDL type, compared with the white subjects (17 Asian Indians versus 8 whites; PϽ0.05). However, although statistically nonsignificant, more white subjects had either LDL subclass 1 or 2, which represent the large, buoyant LDL type, compared with Asian Indians (10 whites versus 5 Asian Indians; Pϭ0. 25) . Seventeen Asian Indians and 21 whites had either LDL subclass 3 or 4, which represent the intermediate density LDL type (Pϭ0.224). Forty eight percent of Asian Indian men and 41% of Asian Indian women had small, dense LDL type. The prevalence rates of small, dense LDL type for white men and women in our study (30% and 11%, respectively) were similar to the respective rates observed in the white population in the United States (men, 30% to 35%; women, 5% to 10%). 28 
Association of LDL Density with Lipoproteins and Other Risk Factors
The results of the association of LDL-Rf, which is an inverse correlate of LDL density, with lipoproteins and other risk factors in Asian Indians and whites obtained by Spearman's rank order correlation method are summarized in Table 2 . HDL-C, HDL3-C, and HDL2-C were positively and significantly correlated with LDL-Rf in both groups, whereas TC, LDL-R-C, IDL-C, LDL(NCEP)-C, VLDL-C, and TG correlated negatively and significantly with LDL-Rf in both groups. However, all correlation coefficients for the above 2 . *LDL-C indicates LDL(NCEP)-C; **LDL-Rf, the relative position of the major LDL peak on 0 to 1 scale (with 0 and 1, respectively, corresponding to the origin of HDL peak and the VLDL peak maximum) in LDL-VAP-II density gradient (the lower the LDL-Rf the higher the density of the major LDL peak); ns, nonsignificant (PϾ0.05). Femaleϭ1, maleϭ0 and Asian Indianϭ1, Whiteϭ0 values were used for gender and ethnicity in ANOVA calculations.
The values for IDL-C, VLDL-C, TG, HDL2-C, insulin, age, SBP, and DBP were log 10 transformed, and values for BMI were transformed to reciprocal values for the purpose of calculations. However, they were back transformed to their normal values to report in this table.
variables, except for TG and VLDL-C, were somewhat higher with stronger statistical significance levels for the white group than for the Asian Indian group. Fasting insulin was negatively and significantly correlated (PϽ0.001) with LDL-Rf only in Asian Indians. Among other measurements, gender was positively (females having higher LDL-Rf) and SBP was negatively associated with LDL-Rf only in white subjects.
Association of Fasting Insulin with Lipoproteins and Other Risk factors
The strengths of the association (correlation coefficients) of fasting insulin with lipoproteins and other risk factors obtained from Spearman's rank order correlation method are shown in Table 3 . Insulin was positively correlated with TC, LDL-R-C, LDL(NCEP)-C, VLDL-C, TG, and BMI in Asian Indians. As mentioned previously insulin was also negatively correlated with LDL-Rf in Asian Indians. On the other hand, insulin was correlated (positively) only with LDL-R-C and BMI in white subjects.
Multiple Linear Regression Analysis
To determine the variables that independently predicted LDL-Rf and TG, multiple linear regression analysis was used. The results of the analysis are shown in Table 4 . To assess whether ethnicity is an independent predictor of LDL-Rf and TG, subjects from both groups were combined and ethnicity, gender, Lp(a)-C, LDL-R-C, IDL-C, TG, HDL3-C, HDL2-C, fasting insulin, age, SBP, DBP, and BMI were used as independent variables. As mentioned in the Methods section, transformed values were used when the distribution of the variable was non-normal.
When LDL-Rf was entered as a dependent variable in the combined group, TG, HDL2-C, and LDL-R-C remained as significant and independent predictors of LDL-Rf, whereas ethnicity and fasting insulin did not. However, when TG was entered as a dependent variable, ethnicity, along with fasting insulin, HDL2-C, and VLDL-C, remained as significant and independent predictors of TG, with higher TG concentrations associated with Asian Indians. Thus, although ethnicity and fasting insulin were not independent predictors of LDL-Rf, they were independent and strong predictors of TG (Pϭ0.003 for ethnicity and Pϭ0.012 for fasting insulin), which in turn was an independent predictor of LDL-Rf. To determine the independent predictors of TG within Asian Indians and whites, the above analysis was performed separately in Asian Indians and whites. Insulin, VLDL-C, and HDL2-C remained as independent predictors in Asian Indians, whereas only VLDL-C independently predicted TG in whites.
Forward stepwise linear regression analysis was also performed on the above data to verify our results. The results obtained were similar to the results obtained from multiple linear regression analysis (data not shown).
LDL Subclasses and Fasting Insulin Levels
When both Asian Indians and white subjects were classified based on their major LDL subclasses into large and buoyant LDL type, intermediate density LDL type, and small and dense LDL type, fasting insulin was significantly increased only in Asian Indian group with small, dense LDL type (PϽ0.001). The fasting insulin levels (U/mL) in these groups were as follows: Asian Indians-large, buoyant LDL type, 5 .061 ns *LDL-Rf indicates the relative position of the major LDL peak on 0 to 1 scale (with 0 and 1, respectively, corresponding to the origin of HDL peak and the VLDL peak maximum) in LDL-VAP-II density gradient (the lower the LDL-Rf the higher the density of the major LDL peak). **Insulin values were obtained from fasting plasma; ns indicates nonsignificant (PϾ0.05). Femaleϭ1 and maleϭ0 values were used for calculations involving gender. 
Discussion
Our results suggest that the prevalence of small, dense LDL type is significantly increased in Asian Indians, who are generally characterized by the atherogenic lipoprotein profile (ie, lower HDL-C and their subfractions and higher TG), compared with the age-and gender-matched white subjects. This is further supported by a significantly lower LDL-Rf (and hence a higher LDL density) in Asian Indians compared with the white subjects. The increase in the prevalence of small, dense LDL type was particularly notable in Asian Indian women compared with the white women.
Few studies have examined the prevalence of small, dense LDL in Asian Indians. Abate et al 29 reported an increased LDL size (meanϮSD; 267.7Ϯ11.4 A°versus 260.1Ϯ12.8 A°) and an increased frequency of LDL pattern A (85% versus 59%) and a lower frequency of LDL pattern B (15% versus 41%) (Pϭ0.0005) in Asian Indians (nϭ93) compared with whites (nϭ59). The differences in the results between the 2 studies may be explained by the differences in the study design and objectives. The primary objective of Abate et al's study was to determine whether the prevalence of small, dense LDL in Asian Indians is caused by a genetical predisposition. Thus they matched their Asian Indian subjects with controls not only for age, gender, and BMI but also for the lipid and lipoprotein concentrations, including TC, TG, HDL-C, LDL-C, and VLDL-C. Furthermore, selection of Asian Indian subjects in their study was specific and confined to only physicians, and in addition, women were not included. In contrast, our objective was to determine the prevalence of small, dense LDL in a cross-sectional population of Asian Indians that included both men and women. The authors conclude that metabolic factors may be overwhelming genetical factors resulting in lower HDL-C and higher TG, generally observed in other studies involving Asian Indians. Lower HDL-C and higher TG are known to be closely associated with small, dense LDL, and thus the higher prevalence of small, dense LDL observed in our study agrees with the lower HDL-C and higher TG seen in our Asian Indian group.
In another study reported recently 30 that involved 52 British Indian Asian men (Punjabi Sikhs) and 52 British whites, small, dense LDL was measured in a subset consisting of 8 myocardial infarction (MI) survivors and 9 controls of British Indian Asian men and 9 MI survivors and 8 controls of British whites. Small, dense LDL concentration was increased in British Indian Asian control subjects compared with the British white controls (44% versus 22% of the total LDL concentration) in this subset. Surprisingly, small, dense LDL was significantly lower in British Indian Asian MI survivors compared with their control subjects.
As found in many other studies, which involved different populations, small, dense LDL (ie, LDL with lower LDL-Rf) was also correlated with several lipoprotein and other risk factors in both groups of our study, particularly a positive correlation between LDL-Rf and HDL and a negative correlation between LDL-Rf and TG. In addition, LDL(NCEP)-C correlated negatively and significantly with LDL-Rf in both groups. Although many studies have found no significant correlation between LDL(NCEP)-C and LDL size or density, our results are consistent with significant correlation found in several other studies. 27, [31] [32] [33] [34] TG, LDL-R-C, and HDL2-C, but not ethnicity and fasting insulin, independently predicted LDL-Rf in multiple regres- sion analysis ( Table 4) . As TG was an important independent predictor of LDL-Rf and because of its known significant role in small, dense LDL formation, TG in turn was considered as a dependent variable separately in Asian Indians and whites in multiple linear regression analysis (Table 4) . Fasting insulin, and thus insulin resistance, was one of the important and significant predictors of TG only in Asian Indians. Increased fasting insulin levels have been good indicators of insulin resistance. 35 Furthermore, fasting insulin was significantly increased only in Asian Indians with small, dense LDL type compared with other Asian Indians (PϽ0.001). Thus, although fasting insulin was not an independent predictor of LDL-Rf in multiple linear regression analysis, the above observations suggest an indirect but a relatively more important role for fasting insulin, and thus insulin resistance, in increasing prevalence of small, dense LDL type in Asian Indians. Thus, insulin resistance, which is considered as a common feature among CHD risk factors in Asian Indians, 2 appears to be present only in Asian Indians with small, dense LDL type. However, insulin resistance only partly explains the increased prevalence of small, dense LDL type, because some Asian Indians with small, dense LDL type had normal fasting insulin levels.
In agreement with most other studies, fasting insulin was not significantly correlated with LDL(NCEP)-C [the most commonly reported LDL cholesterol, which is the sum of cholesterol concentrations of LDL-R-C, Lp(a)-C, and IDL-C] in our white subjects; however, it was significantly correlated with LDL-R-C. Although the reasons are not clear, the significant correlation between fasting insulin and LDL cholesterol is not an uncommon finding. In both univariate and multivariate analyses, the Coronary Artery Disease Risk in Young Adults (CARDIA) study, which involved both black and white young adults (18 to 23 years of age), reported a strong correlation between fasting insulin and LDL cholesterol. 36 In another study, although involving only young blacks (28 to 33 years of age), Falkner et al also found a significant correlation between fasting insulin and LDL cholesterol. 37 Fasting insulin was also found to correlate significantly with LDL-C in 323 nondiabetic first-degree relatives of insulin dependent diabetics. 38 In addition, Knight et al have observed a significant correlation between fasting insulin and LDL cholesterol in Asians living in the United Kingdom, 5 similar to our results in Asian Indians.
Fasting insulin has been generally found to correlate with both HDL-C and TG in several studies involving white subjects. Although the exact reasons are not clear, it appears that the statistically insignificant correlations of fasting insulin with HDL-C and TG found in our white subjects may be due to the relatively smaller sample size of our study, which contained both men and women. The sample size of our white subjects was determined by the number of Asian Indian men and women recruited for this study. Thus our white population may not adequately represent the white population at large. In addition, our white population is relatively young, in which insulin resistance may be less prevalent than the middle-aged or older population. Although the effect of age on insulin resistance, and thus possibly on fasting insulin, is still a controversial issue, several studies point to an increase in insulin resistance with age. 39 -41 In addition, in agreement with our results, few other studies have also found either weaker or insignificant correlations of fasting insulin with TG and or HDL-C or its subfractions. In a study involving 556 white women twins, HDL-C and TG did not independently contribute to log-fasting insulin. 42 In another study, fasting insulin correlated with HDL-C only in men but not in women Italian factory workers. 43 In addition, Knight et al in a study involving 110 Asians and 156 non-Asians, found no significant correlation between serum insulin and HDL2 cholesterol and only a weak correlation with HDL3 cholesterol in non-Asian men in the United Kingdom. 5 Although some studies have shown that a high carbohydrate and low-fat diet reduces LDL particle size 22 and approximately 40% of our Asian Indians are vegetarian, we believe that well designed and well controlled (for example confounding factors such as exercise habits) dietary studies in Asian Indians, in addition to collecting dietary composition information, are required to assess the precise influence of diet on LDL density and size.
Our findings also suggest that Asian Indian women, like Asian Indian men, have increased prevalence of small, dense LDL type and hence increased prevalence of atherogenic lipoprotein profile. Thus it is this increased atherogenicity in Asian Indian women that may account for the frequently reported elevated risk of CHD in Asian Indians when considered as a single group.
The smaller sample size employed combined with the fact that our study is not a population based study in a strict sense somewhat limits extrapolation of our results to Asian Indian and white populations at large. Thus further studies involving large sample sizes of both populations are required to confirm our findings. Nevertheless, our results show a clear trend toward the increased prevalence of small, dense LDL in Asian Indians, particularly in women, which might be contributing toward the increased risk of CHD in this population.
